Purpose This study aimed to examine the actor and partner effects of coping and resilience characteristics on psychological distress in cancer survivors and their spouses and to examine the mediating role of resilience characteristics in the relationship between coping and psychological distress. Methods A total of 91 breast, colorectal, and prostate cancer survivor-spouse dyads were recruited from the University Hospital Registry in Cleveland, Ohio. Standardized questionnaires that assessed psychological distress, reframing and acquiring social support coping, and resilience characteristics were used. Results The actor-partner interdependence mediation model demonstrated that the resilience of the survivors and spouses was a strong predictor of their personal psychological distress. Survivors' and spouses' own resilience mediated the association between their reframing coping and psychological distress. However, only the survivor model confirmed the mediating effect of resilience characteristics in the relationship between social support coping and psychological distress. In addition, spouse psychological distress was influenced by survivor resilience, indicating a spouse-partner effect in the relationship between resilience characteristics and psychological distress. Conclusions Our findings provide insight into the relationships between coping, resilience characteristics, and psychological distress at the individual and dyadic levels. Enhancing cancer survivors' and their spouses' positive thoughts and available external resources can improve resilience and, in turn, reduce their psychological distress of couples coping with cancer.
Introduction
Breast, colorectal, and prostate cancers are among the most frequently diagnosed cancers and are the major causes of mortality in males and females in the USA [1] . While many persons with cancer survive for years after the initial diagnosis, a large proportion of cancer survivors continue to experience psychological distress [7, 27] . For example, depression and anxiety are known to be common psychological symptoms in cancer survivors [26] , and more than 35 % of cancer survivors experience depressive symptoms during the cancer survivorship phases [42] . Somatization can also be induced by an increased sense of physical vulnerability [12] .
As a major source of support for cancer survivors [3] , spouses tend to provide informal cancer care that meets the survivors' multidimensional needs (i.e., symptom management and emotional support) [24] ; thus, they also may experience psychological distress [22] . A number of studies have found a significant correlation between distress in patients and partners [21] . That is, the effect of cancer on a spouse affects the cancer survivor's adaptation to cancer-related distress, and the stressful situation faced by cancer survivors may cause psychological distress in the spouse and affect the spouse's adjustment to stressful situations [8] .
In general, coping refers to the set of cognitive and behavioral strategies used by an individual to manage the demands of stressful situations [19] . Adaptive coping strategies (e.g., problem-solving) in cancer survivors have been shown to be associated with decreased psychological distress [13, 30] , whereas maladaptive coping strategies (e.g., avoidance) are associated with increased distress [30, 36] . Beyond individual coping, mutuality and interdependence may influence responses to a specific shared distress because couples tend to react to disease as a unit (referred to as "dyadic coping") [10] . Badr and colleagues [5] investigated the relationship between dyadic coping and distress in cancer survivor couples and found that common positive dyadic coping (e.g., joint problem-solving) is associated with better dyadic adjustment and that common negative dyadic coping (e.g., mutual avoidance) is associated with greater cancer-related distress.
According to Bodenmann's [10] classification of coping, there are three forms of coping that follow a dynamic temporal order: (1) individual coping, (2) dyadic coping, and (3) seeking social support from others. When individual coping is not appropriate, dyadic coping becomes important. If dyadic coping is not successful, seeking social support from others may be necessary to manage the stressful situation. Nevertheless, these coping efforts can be activated together. The current study focused specifically on reframing and acquiring social support coping to further investigate the effects of the "dyadic" and "seeking social support from others" coping strategies on distress in couples. Among diverse dyadic coping strategies [31] , the current study is interested in reframing coping, which is one of the positive supportive dyadic coping strategies. Reframing coping has been identified in the resilience literature as being a protective factor which decreases the probability of poor adaptive outcomes [11] . Some evidence that helps the partner to reframe the situation plays a beneficial role in adaptation to cancer exists [4] .
Resilience is often defined as a dynamic process that encompasses a behavioral and psychological manifestation of positive adaptation in the face of adversity [41] . According to Kumpfer [28] , the resilience framework describes how individual, environmental, and situational factors are associated to explain individual differences in achieving positive psychosocial outcomes (i.e., resilient reintegration). More specifically, internal resilience characteristics mediate the link between person-environment transactional processes (i.e., coping) and adaptation, i.e., cognitive reframing and active coping, which can help people transform a high-risk environment into a more protective environment, is positively associated with internal resiliency factors and, in turn, improves the capacity to adapt [40] .
However, the resilience framework did not extend beyond the individual model. The resilience framework at the dyadic level, which considers the interdependence between cancer survivor couples, may be necessary to better understand the resilience process in couples, given the characteristics of resilient people in coping with cancer, i.e., a sense of responsibility for others, a willingness to care for others, and the ability to be empathetic to the needs of others [20, 28] . Some studies have demonstrated that resilient people are responsive and active in the relationships with others and elicit more positive responses from their associates [14, 25] .
The current study aimed to understand the relationships of coping, resilience characteristics, and psychological distress in cancer survivor-spouse dyads under the resilience framework. Overall, the assumption that the association between coping and psychological distress is mediated by resilience characteristics at the individual and dyadic levels has been made to test the following hypotheses: Hypothesis 1 Own reframing and acquiring social support coping strategies are positively related to one's resilience characteristics, which are, in turn, negatively associated with one's own psychological distress. Hypothesis 2 Own reframing and acquiring social support coping strategies positively predict one's own resilience characteristics, which in turn negatively predict the partner's psychological distress.
Methods

Sample
The participants were selected from the University Hospital Cancer Registry in Cleveland between February 2011 and February 2012. Cancer survivors were included if they met the following eligibility criteria: (a) aged 18 years or older at diagnosis; (b) diagnosed with breast, colorectal, or prostate cancer (stages I-III) within the previous 1-5 years; (c) completed active treatment; (d) received no diagnosis of another type of cancer; (e) had no major disabling medical (e.g., stroke) or psychiatric (e.g., schizophrenia) conditions; and (f) were European-, African-, or Asian-Americans. Spouses who had been living with a cancer survivor at the time of cancer diagnosis and had not been diagnosed with any type of cancer were eligible. Because more than 90 % of the population in Cleveland is European-and African-American, and too few eligible Asian-Americans (n=1) agreed to participate, this study included only European-and African-Americans, excluding Asian-Americans.
Data collection procedures
The investigators mailed invitation letters to potential participants whose contact information was obtained from the registry. Survivors who did not respond to the invitation letters received a telephone call from a research assistant (RA) 2 weeks after the invitation letters were mailed. If the potential participant was interested, the RA then conducted a screening over the phone to assess eligibility. Eligible participants were mailed a questionnaire and consent form and were asked to return these items in an enclosed prepaid envelope within 3 weeks. If the survivors had not returned the survey after the fifth follow-up phone call, they were considered nonrespondents. A $20 gift certificate was given to each the survivor and spouse as compensation.
If a survivor agreed to invite her/his spouse during the screening process, we asked the survivor whether he/she would prefer that we contacted his/her spouse via a direct or indirect (through the survivor) route. If the survivor did not agree to her/his spouse's participation, both the survivor and the partner were excluded from the study. If the spouse agreed to participate, a brief telephone screening was conducted to assess the spouse's eligibility. The survey administration procedures were identical to those used for the survivors. The study was approved by the Institutional Review Board.
Instruments
Psychological distress
Psychological distress was assessed using the Brief Symptom Inventory-18 (BSI-18), which is an 18-item self-report measure of psychological symptoms experienced over the previous 7 days [15] . The BSI-18 consists of one broad factor (Global Severity Index; GSI) and three subscales: somatization (six items), depression (six items), and anxiety (six items). Each subscale was rated on five-point Likert scales and scored by summing the values for the subscale items; high scores indicate high levels of distress. The GSI means the respondent's overall psychological distress by summing the values of the three subscales (range 0-72). The reliability coefficients were 0.91 for survivors and 0.81 for spouses.
Coping
Coping was assessed using the Family Crisis Oriented Personal Evaluation Scales (F-COPES) [33] . The F-COPES is a self-report measure designed to identify the behavioral strategies used by families when faced with problems. The 29-item scale consists of five subscales (i.e., reframing, passive appraisal, acquiring social support, seeking spiritual support, and mobilizing the family to acquire and accept help). In this study, the reframing (the family's ability to redefine stress/ situations; eight items) and the acquiring social support (the family's use of support from social ties; nine items) subscales were used. The respondent rated the items on a five-point Likert scale. The subscale scores were obtained by summing the responses to all items; high scores indicate effective coping behavior. The Cronbach's alphas for the reframing subscale were 0.79 for survivors and 0.77 for spouses, and those for the acquiring social support subscale were 0.87 for survivors and 0.84 for spouses.
Resilience characteristics
The Brief Resilience Scale, which was designed to investigate the ability to recover from stress, was used to assess resilience characteristics [37] . Responses to this six-item self-report measure were provided on five-point Likert scales. The total score was calculated by averaging the responses to the six items; higher scores indicate better resilience. The reliability coefficients were 0.86 for survivors and 0.90 for spouses.
Demographic and medical characteristics
A self-administered questionnaire was used to obtain demographic and medical characteristics (i.e., age, gender, income, employment, ethnicity, education, cancer type and stage, types of cancer treatment, and years since diagnosis). The stress level in the marital relationship was also assessed because it plays a role in dyadic adjustments to cancer [10] . Participants were asked to respond to the following question: "How much stress you have experienced in your marital relationships during the past 3 months?" Participants rated an item on a five-point Likert scale; higher scores indicate higher levels of stress.
Data analyses
Exploratory data analyses were conducted to describe the sample characteristics. Paired sample t tests were conducted to investigate the mean differences between couples in coping, resilience characteristics, and psychological distress.
Correlation analyses were performed to assess the degrees of similarity of the study variables in the survivor-spouse dyads. Differences in predictor and outcome variables by demographic and medical characteristics were examined by ANOVA to determine the covariates. The analyses were conducted using SPSS 20.0.
The actor-partner interdependence mediation model (APIMeM) was used to assess mediation in the dyadic data [32] . In the APIMeM, actor effects refer to estimates of an individual's effects on herself or himself, and partner effects refer to the degree to which a person's outcome is influenced by their partner's scores on the variable. To test the hypotheses, two mediation models that differed in the independent variable (coping) only were created to detail how each type of coping was associated with resilience characteristics and psychological distress. In the first model, reframing coping was included, and in the second model, acquiring social support coping was used as an independent variable.
Structural equation modeling was used to test the two hypotheses using AMOS 20.0. In our dataset, the number of missing values was less than 1 %; therefore, missing data were addressed with full information maximum likelihood estimation [17] . First, the relationships between variables were specified based on the conceptual model. The preliminary analysis demonstrated that survivors' psychological distress scores significantly varied by cancer type and that reframing and acquiring social support copings varied by cancer stage. Additionally, the stress levels in the marital relationships of survivors and spouses were significantly associated with psychological distress, resilience characteristics, and reframing coping. Thus, cancer type, cancer stage, and stress levels in their marital relationships were included as covariates in the final model. The corresponding variables between survivors and spouses were also allowed to correlate with one another.
The hypothesized model was evaluated using goodness of fit indices that included the chi-square statistic or discrepancy function, the ratio of the discrepancy function to the number of degrees of freedom, the root mean square error of approximation (RMSEA; acceptable fit ≤0.08) [39] , and the Comparative Fit Index (CFI; acceptable model fit ≥0.9) [9] . Finally, the mediating effects were tested for significance and confirmed with Sobel tests [38] .
Results
Sample characteristics
Of the 950 cancer survivors who were mailed invitation letters, 543 were accessible. Approximately 19 % of the accessible individuals (n=103) completed the survey. However, 12 of them were excluded because they did not participate as a couple. Therefore, a total of 91 couples completed the survey.
The mean age of both cancer survivors and spouses was 64 years (SD=11). The participants were predominantly European-Americans, employed, relatively educated, and affluent. Because nearly one-half of the participants were diagnosed with prostate cancer (49.5 %), more male than female survivors participated in this study. The average number of years since cancer diagnosis was 3.7 (SD=1.9), and 70 % of the participants were diagnosed with stage II cancer ( Table 1) . Regarding the dyadic correlation (Table 2) , couples were moderately similar with respect to their levels of social support coping and psychological distress. However, the reframing coping and resilience levels of the dyads were not significantly related. The corresponding within-dyad correlations for spouses (0.06≤r≤0.44) were relatively low compared to the correlations for survivors (0.25≤r≤0.54). A paired sample t test showed that psychological distress, coping, and resilience scores were not different between couples.
Hypotheses testing
The hypothesized reframing (X 2 (23) = 24.81, CFI = 0.99, RMSEA=0.03) and social support coping models (X 2 (23)= 23.34, CFI=0.99, RMSEA=0.01) produced excellent fits. In these models (Fig. 1) , the covariates were significantly associated with coping, resilience characteristics, and psychological distress (Table 3) .
Hypothesis 1
For the reframing coping model, the actor effects between reframing coping and resilience characteristics were positive, i.e., the increased use of one's own reframing coping was related to increased one's own resilience. Both survivor and spouse actor effects of resilience characteristics on distress were also observed, which indicates that individuals' levels of resilience were associated with their own psychological distress. In the relationship between reframing coping and distress, there were neither survivor nor spouse actor effects. The reframing coping and resilience variables accounted for 38.6 % of the variance in the survivors' distress and 25.9 % of the variance in the spouses' distress.
The social support coping model was similar to the reframing coping model. However, the actor effect between social support coping and resilience characteristics was not observed for spouses. The social support coping and resilience variables accounted for 38.7 % of the variance in the survivors' psychological distress and 25.1 % of the variance in the spouses' distress.
Regarding the mediating effect, in the reframing coping model, both indirect effects were significant in the survivors and spouses (Hypothesis 1), indicating that one's own resilience mediated the association between one's own reframing coping and one's own distress. A Sobel test confirmed such mediating effects for the survivors (z=−3.19, p<0.01) and for spouses (z=−2.36, p<0.05). In the social support coping model, only the mediating effect for survivors emerged and was confirmed (z=−1.93, p<0.05), which indicates that the survivors' efforts to acquire social support improved their abilities to recover from stress, which, in turn, reduced their own distress.
Hypothesis 2
In both models, only the spouse-partner effect between resilience characteristics and psychological distress was significant. It indicates that the survivors' abilities to recover from stress predicted the spouses' distress. However, there was no evidence of a partner effect in the relationship between resilience characteristics and psychological distress for the survivors. Neither survivor nor spouse-partner effects in other relationships were observed.
The mediating effect of the survivors' resilience on the relationship between the survivors' reframing coping and the spouses' distress (Hypothesis 2) was supported by a Sobel test (z=−1.99, p<0.05), i.e., the survivors' use of reframing coping was positively associated with their abilities to recover from stress, which, in turn, reduced their spouses' distress. However, the mediating effect of the survivors' resilience on the relationship between the survivors' social support coping and the spouses' psychological distress was not confirmed (z= −1.53, p=0.13).
Discussion
The present study intended to examine the dyadic associations among coping, resilience characteristics, and psychological distress in couples coping with cancer within the resilience framework. The trauma of a cancer diagnosis and treatment can influence the psychological distress of survivors and spouses. A growing literature has developed that examines dyadic stress and coping and the significance of these factors for adjustment in cancer survivor couples [10, 22, 29, 30] . Nevertheless, few studies of the resilience process in the relationship between coping and distress at the dyadic level have been performed. To our knowledge, this is the first study investigating the impact of the dyadic nature of resilience on psychological distress in couples coping with cancer. First, we found an actor effect of resilience on distress in cancer survivors and spouses, which is consistent with the results of previous studies [11, 16, 23] . According to the resilience framework, resilience is influenced by the interactions between a variety of person-environmental factors that contribute to the development of resilience and, ultimately, physical and mental health outcomes [28] . These outcomes indicate that family members should be considered as major sources of support for survivors who can facilitate psychosocial adaptation. It also suggests that enhancing resilience could result in the reduction of psychological distress in survivors and spouses.
Consistent with previous studies [18] , this study specifically confirmed actor effects of reframing and social support copings on resilience in cancer survivors, indicating that positive thoughts and the use of external coping may lead to resilience in the adjustment to cancer. This result suggests that the ability to cope and transform a high-risk environment into a more protective environment affects the resilience of cancer survivors. This explanation may aid the understanding of why some individuals are able to develop adaptive competence regardless of their exposure to extreme adversity [11] . However, this study did not reveal an actor effect of social support coping on resilience in spouses. Our finding indicates that it is not always the case that seeking social support from outside of the couple will build resilience for spouses. It may imply that the willingness of spouses to seek social support is the only substantial solution to deal with cancer survivors' problems rather than resilience enhancement. Furthermore, indeed, spouses may not want to ask for support from others as a way to protect their partner from their own stress. It supports the classification of coping that follows a temporal order, suggesting that successful dyadic coping should precede seeking social support to better manage the stressful situation.
Our results demonstrated that spouses' distress is not solely related to their own resilience but also to the survivors' resilience. It indicates that spouses may have an additional burden, i.e., the obligation that they must meet the survivors' demands and needs that extend beyond their capacities to recover from cancer-related stressors. Conversely, spouses may consider their loved ones' resilience as another protective factor that can reduce their distress. This result contributes to the literature by providing specific reasons for the levels of distress that may be experienced by spouses.
Meanwhile, the psychological distress of the survivors was not influenced by their partners. Because cancer survivors tend to be overwhelmed by cancer diagnoses and treatment, they may not pay attention to spouses' distress and resilience. Additionally, this finding may be influenced by the gender effect, given that more male survivors participated in our study. It is known that men are more centered on approaching matters and more preoccupied with the acquisition of status and independence, while women are more expressive and more concerned with the development of intimacy [2] . Such distinct gender characteristics may be related to the extent to which survivors develop their own psychological distress. However, the distresses of survivors and spouses were more strongly correlated in our study compared to other studies [22] ; thus, we can conclude that the extent to which survivors and spouses perceive psychological distress may be different and may be influenced by the complex interdependence of couples.
Our results of the mediation models suggest that interventions aimed at enabling individuals to develop effective coping strategies can improve resilience by enhancing individuals' positive thoughts, and available external resources, which, in turn, reduce distress. Additionally, the manner in which survivors cope with stress may indirectly influence their spouses' distress and that efforts to maximize the survivors' resilience can ultimately reduce psychological distress of couples. Therefore, health professionals should assess cancer survivor couples based on the positive strengths and assets available to them. Understanding the role of resilience in the relationship between coping and distress at a dyadic level can be also beneficial to health-care practitioners and encourage the application of strength-and couple-based approaches to improve psychosocial adaptation among cancer survivorsspouses dyads. Given that caregiving burden undermines the long-term psychological adjustment of spouses and to some extent cancer patients [34] , supportive care programs that are effective to manage spouses' burden and cope with their stress may be also necessary in reducing psychological distress. Several limitations should be noted. First, our data were collected through self-reports; therefore, the results may not reflect objective psychological distress. Second, the results may not be generalizable to all populations due to the small sample size and a low response rate. Despite concerted efforts to recruit more African-American and Asian-American couples into our study, these minority groups were not well represented. The recruitment challenges regarding Africanand Asian-Americans and couples will be reported in a subsequent paper. Replication of the current study on a larger and representative sample of cancer patients is required. Third, it should be acknowledged that the current study has a potential self-selection bias which can come from the low rate of couples who agreed to participate in this study. As with most survey studies based on volunteer participation, people who agree to be involved in the study are often those who are in better health and have less psychological distress; it could lead to an underestimation of the psychological distress of couples and thus of dyadic effect. Selection bias is also a problem to generalize our results. Fourth, the results are based on cross sections, and causality cannot be assumed; thus alternative interpretations of the findings may be possible due to lack of this study's ability to observe temporal relations. These results must be interpreted with caution. Finally, the resilience framework was not fully applied in this study because of the small sample size. Future studies should consider other significant factors (e.g., positive emotions) that may influence distress at the individual and dyadic levels. Taken together, our results indicate the need for interdisciplinary, time-limited interventions that are designed to enhance coping skills and reinforce effective adjustments in couples that address the effects of cancer on their lives [35] . Couple-based and psychological and behavioral interventions for couples can enable successful preparation for psychosocial challenges, management of cancer-related side effects, and creation of a supportive context in which the couple can address these challenges together [6] .
